Many observational studies have found that microRNA-196a2 rs11614913, microRNA-146a rs2910164, and microRNA-423 rs6505162 are associated with esophageal cancer risk. However, the results were mixed and inconsistent among these studies. We conducted a metaanalysis to assess the relationship between the polymorphisms of three microRNAs and esophageal cancer susceptibility. We systematically searched the PubMed and EMBASE databases to screen relevant studies. Odds ratios (ORs) and 95% confidence intervals (95% CIs) were used to compute the risk of esophageal cancer. Because of the differences in ethnicities, sources of controls, and genotyping methods, the metaanalysis was conducted using a random-effect model regardless of heterogeneity. To further explore potential heterogeneity, we performed subgroup and sensitivity analyses, and publication bias was also evaluated. A total of 6 case-control studies on microRNA-196a2 rs11614913, 4 studies on microRNA-146a rs2910164, and 4 studies on microRNA-423 rs6505162 were considered eligible in the metaanalysis. No statistical association was found between microRNA196a2 rs11614913, microRNA-146a rs2910164, and microRNA-423 rs6505162 polymorphisms and esophageal cancer susceptibility in any genetic model. Subgroup and sensitivity analyses showed similar results. In summary, based on the currently limited proof, no association exists between microRNA-196a2 rs11614913, microRNA-146a rs2910164, and microRNA-423 rs6505162 polymorphism and esophageal cancer risk.
Introduction
Esophageal cancer, including esophageal squamous cell carcinoma and esophageal adenocarcinoma, is the sixth leading cause of cancer-related death and the eighth most frequently diagnosed cancer in the world (Pennathur et al., 2013) . In 2014, 18,170 new cases, which led to approximately 15,450 deaths, were diagnosed (Siegel et al., 2014) . The overall 5 year survival rate for patients with esophageal cancer is poor (only 5% to 10%) (Enzinger and Mayer, 2003; Ferlay et al., 2010) . Furthermore, pain, disability, and mortality are consequences that incur high cost to society. The abovementioned data highlight the importance of screening patients who are at highest risk and of identifying the potential risk factors for esophageal cancer development.
In recent years, many studies have demonstrated that deregulation of microRNAs may play crucial role in malignant transformation of esophageal cancer (Matsushima et al., 2010) . The microRNAs are non-coding RNAs comprising small 18 nucleotides to 22 nucleotides in length; microRNAs are believed to play an important regulatory role in host genome expression at the post-transcriptional level (Calin, 2009 ). The microRNAs do not directly encode for protein, but they regulate protein expression by binding to the complementary nucleotide sequence in the target messenger RNA (mRNA) molecules. A single microRNA can modulate a number of mRNA transcripts. Furthermore, microRNAs play a major role in maintaining tissue homeostasis by regulating many biological processes, such as cellular proliferation, differentiation, migration, morphogenesis, apoptosis, cell-to-cell communication and inflammation (Kim, 2005; Kim et al., 2009 ). The human genome may harbor up to 1,000 microRNAs (Berezikov et al., 2005; Tricoli and Jacobson, 2007) . MicroRNAs are potential biomarkers that are used for early diagnosis, prognosis, decision-making, and ongoing surveillance (Pritchard et al., 2012) .
As of this writing, a number of epidemiological studies have been conducted to examine the association between microRNA-196a2 rs11614913, microRNA-146a rs2910164, and microRNA-423 rs6505162 polymorphisms and esophageal cancer risk. However, the findings of these data were mixed and inconsistent Qu et al., 2014; Umar et al., 2013; Wang et al., 2010 Wang et al., , 2013 Wang et al., , 2014 Wei et al., 2013; Ye et al., 2008; Yin et al., 2013) . Given the poor prognosis, any risk factor for the development of esophageal cancer would substantially affect public health. Therefore, we performed this meta-analysis to assess the association between the three single nucleotide polymorphisms (SNPs) and esophageal cancer susceptibility.
Methods

Search strategy
To identify all potentially eligible studies, we performed a comprehensive search on PubMed and EMBASE databases, and the search included studies published until June 2014. The following search strategies were used without any limitation: "esophageal cancer OR oesophageal cancer OR esophageal neoplasms OR esophageal squamous cell carcinoma OR esophageal adenocarcinoma" and "microRNA OR miRNA OR microRNAs" and "polymorphism OR polymorphisms". We also screened the reference lists of eligible articles and review articles for other related studies.
Eligibility criteria
Studies were considered eligible in the meta-analysis if they met the following criteria: (1) an evaluation of the association between microRNA-196a2 rs11614913, microRNA-146a rs2910164, and microRNA-423 rs6505162 polymorphisms and esophageal cancer susceptibility (with full text); (2) a case-control study; (3) and detailed genotype data were available for calculating ORs and the corresponding 95% CIs. Articles were excluded according to the following criteria: these articles were letters, comments, correspondence, conference reports or laboratory studies or they did not contain enough data with which to compute the ORs.
If multiple studies covered the same population, only the most comprehensive study with the largest sample size was included. Two authors (SJK and YXH) independently assessed the inclusion of all retrieved studies and resolved any disagreements through discussion or after consultation with a third author (HGL).
Data extraction
Two authors (SJK and YXH) independently extracted the following relevant information using a standardized data extraction form. The following key points were collected: first author's surname, publication year, country, ethnicity, genotyping methods, source of control group, Minor allele frequency (MAF) in case and control groups, Hardy-Weinberg equilibrium (HWE) in the control group, numbers of cases and controls for each genotype and genotyping method. Disagreements between reviewers regarding data extraction were resolved through discussion.
Quality assessment
We evaluated the methodological quality of each study using the methodological quality assessment scale, which was obtained from a previous publication Li et al., 2014) . Five major components were judged, as follows: representativeness of cases, source of controls, sample size, quality control of genotyping methods, and HWE. The quality score ranged from 0 to 10. A high score indicated better methodology quality.
Statistical analysis
We used the OR with 95% CI as a common measure for the eligible studies. HWE was examined for each study by Chi-square test in the control groups, and P b 0.05 was considered a significant departure from the HWE. The overall ORs were summarized to assess the strength of the association between the microRNAs 196a2/146a/423 and esophageal cancer susceptibility. The summary ORs were used for allelic, heterozygote, homozygote, dominant, and recessive models. The test of heterogeneity was performed using the Cochrane Q test and the I 2 statistics. A p value b 0.05 and/or an I 2 statistic of N50% was considered statistically significant.
Because of differences in ethnicities, sources of controls, and genotyping methods, a random-effects model was used regardless of heterogeneity. Subgroup analyses were stratified by ethnicity, source of control, and genotyping method. Sensitivity analyses were also performed to evaluate the effect of individual studies on the pooled ORs by sequential omission of one study in each turn or by exclusion of the study that deviated from the HWE equilibrium. The publication bias was evaluated by using the Begg and Egger tests (Begg and Mazumdar, 1994; Egger et al., 1997) . All statistical analyses were conducted by using STATA version 12.0 (Stata Corporation, College Station, Texas, USA).
Result
Study selection
Using the outlined search strategy, a total of 88 citations were identified for title and abstract reviews. Of these 88 citations, 44 were not relevant and 18 were duplicates. The full texts of the remaining 26 studies were retrieved for review. Among these 26 studies, 17 studies were excluded because of the following reasons: outcomes were related to prognosis (Christensen et al., 2010; Eng et al., 2013; Faluyi et al., 2013; Wu et al., 2014; Yang et al., 2014; Zhang et al., 2013) ; no interesting outcome was reported Shuto et al., 2009; Wang et al., 2012; Wu et al., 2013; Yang et al., 2013; Zhou et al., 2013) , the study was a review article (Buas et al., 2013; David and Meltzer, 2011; Li et al., 2011; Zheng et al., 2011) ; and the study was a duplicate of another study (Zhang et al., 2010) . Finally, 9 studies (6 studies on microRNA196a2, 4 studies on microRNA-146a, and 4 studies on microRNA-423) were considered eligible in the metaanalysis ( Fig. 1 ).
Study characteristics
The main data from the abovementioned 9 studies are summarized in the Table 1 . The included studies involving 2,071 cases and 2,547 controls for microRNA-196a2 C N T rs11614913 (Qu et al., 2014; Umar et al., 2013; Wang et al., 2010 Wang et al., , 2014 Wei et al., 2013; Ye et al., 2008) , 1,494 cases and 1,538 controls for microRNA-146a C N G rs2910164 Qu et al., 2014; Umar et al., 2013; Wei et al., 2013) and 2,048 cases and 2,995 controls for microRNA-423 C N A rs2910164 (Umar et al., 2013; Wang et al., 2013; Yin et al., 2013) were considered eligible in the meta-analysis. Genotype frequencies of microRNA-196a2 rs11614913, microRNA-146a rs2910164, and microRNA-423 rs6505162 were reported in one study (Umar et al., 2013) . In two studies, the genotype frequencies of microRNA-196a2 rs11614913 and microRNA-146a rs2910164 were reported (Qu et al., 2014; Wei et al., 2013) . Genotype frequencies of microRNA-423 rs6505162 were presented separately in one study; thus, each of the abovementioned studies were considered separately . Among the studies on microRNA-196a2 C N T rs11614913, 5 studies used Asians as subjects (Qu et al., 2014; Umar et al., 2013; Wang et al., 2010 Wang et al., , 2014 Wei et al., 2013) and the other one used Caucasians as subjects (Ye et al., 2008) . The genotyping distribution was in agreement with the HWE in all studies. All studies on microRNA-146a C N G rs2910164 included Asian subjects Qu et al., 2014; Umar et al., 2013; Wei et al., 2013) . The genotyping distribution was in agreement with the HWE in most included studies, except for one study, which was conducted by Qu Y (Qu et al., 2014) . Among the studies on microRNA-423 C N A rs6505162, two studies involved Asian subjects (Umar et al., 2013; Yin et al., 2013) , whereas African subjects were included in the other two studies . The genotyping distribution was in agreement with the HWE in all included studies. Different genotyping methods were used including polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), TaqMan, polymerase chain reaction-ligation detection reaction (PCR-LDR), SNPlex assay and SNaPshot assay. According to the results of the quality assessment, all studies were considered of good quality (in the range, 5 to 9).
Association between microRNA-196a2 C N T rs11614913 polymorphism and esophageal cancer susceptibility
Six studies presented data on microRNA-196a2 C N T rs11614913. As shown in Table 2 , the pooled estimates suggested that no statistically significant association was identified in any genetic model, as follows: allele model T vs. C: OR = 0.99, 95% CI 0.83-1.19, P = 0.94, P H b 0.001, I 2 = 80.0% ( data. Thus, the data were not appropriate for quantitative analysis. In addition, three studies reported the hsa-microRNA-196a2 rs11614913 polymorphism, and the pooled estimates suggested that the association between hsa-microRNA-196a2 rs11614913 polymorphism and esophageal cancer in Chinese Han population was not detected in all genetic models (Table 2) . Coincidentally, 2 and 4 studies on esophageal cancer were population-and hospital-based articles, respectively. We did not find any significant association between microRNA-196a2 and esophageal cancer risk in any genetic model in both groups. Subgroup analyses by genotyping methods, similar results were yielded in most genetic models with low to moderate heterogeneity, except for the PCR-RFLP and SNPlex assay method (Table 2) . Sensitivity analyses were performed to examine the effect of the individual study on the pooled ORs by sequential omission of one study in each turn. Consistently, the pooled estimates remained non-significant.
Association between microRNA-146a C N G rs2910164 polymorphism and esophageal cancer susceptibility
Four studies examined the association between microRNA-146a C N G rs2910164 and esophageal cancer risk. The overall ORs estimates indicated that no statistically significant association was detected in any genetic model, as follows: allele model G vs. C: ORs = 1.12, 95% CIs 0.94-1.33, P = 0.21, P H = 0.052, I 2 = 61.2% (Fig. 3) ; heterozygote model CG vs. CC: ORs = 1.08, 95% CIs 0.84-1.39, P = 0.53, P H = 0.238, I 2 = 29.1%; homozygote model GG vs. CC: ORs = 1.23, 95% CIs 0.82-1.85, P = 0.32, P H = 0.042, I 2 = 63.5%; dominant model GG + CG vs. CC: ORs = 1.15, 95% CIs 0.85-1.55, P = 0.37, P H = 0.088, I 2 = 54.2%; and recessive model GG vs. CG + CC: ORs = 1.17, 95% CIs 0.95-1.44, P = 0.13, P H = 0.191, I 2 = 36.8% (Table 2) . Because the ethnicity used in all studies was Asian, hence, the results were identical to that of the overall comparisons of pooled eligible studies. The subgroup analysis was conducted based on the sources of control and genotyping methods. In population-control studies, no significant association was detected in all genetic models. In hospital-based studies, no significant association was detected among most genetic models except for the recessive model (TT/CT + CC) ( Table 2 ). The controls used were healthy subjects, except for one study, in which a patient without cancer was included as a control (Wei et al., 2013) . When we excluded this study, the pooled estimates among the remaining studies showed that no significant association was observed in any genetic model. As for genotyping methods, similar findings were yielded between SNaP shot assay and PCR-RFLP method. The sensitivity analysis was also performed by omitting one study, which deviated from HWE ( Qu et al., 2014) . The pooled estimates indicated that no significant association was obtained among the remaining studies in any genetic model.
Association between microRNA-423 C N A rs6505162 polymorphism and esophageal cancer susceptibility
Four studies contained data on microRNA-423 C N A rs6505162. No association was found to be significant in any genetic model, as follows: allele model A vs. C: ORs = 0.98, 95% CIs 0.81-1.18, P = 0.83, P H = 0.044, I 2 = 62.9% (Fig. 4) (Table 2 ). Subsequently, the subgroup analysis was conducted according to ethnicities and sources of control, genotyping methods. In Asian and African populations, no statistically significant association was found. Moreover, similar results were observed in both population-and hospital-based studies. The stratified analyses by genotyping methods, similar results were yields with low to moderate heterogeneity. Sensitivity analyses were performed to examine the effect of the individual study on the pooled ORs by excluding one study in each turn in every genetic model. Consistently, the pooled estimates remained non-significant.
Publication bias
No publication bias for the association between microRNA-196a2 C N T rs11614913 polymorphism and esophageal cancer susceptibility was detected by Begg's funnel plot (allele model G vs. C, P = 1.00) or by Egger's regression test (allele model G vs. C, P = 0.75) (Fig. 5) .
Publication bias was not assessed for the association between microRNA-146a C N G rs2910164 and microRNA-423 C N A rs6505162 and esophageal cancer susceptibility because of the limited number of studies included in each analysis. 
Discussion
To the best of our knowledge, this meta-analysis is the first to evaluate the association between microRNA196a2 C N T rs11614913, microRNA-146a C N G rs2910164, and microRNA-423 C N A rs6505162 and esophageal cancer risk. In this meta-analysis, 6 eligible case-control studies involving 2,071 cases and 2,547 controls for microRNA-196a2 C N T rs11614913, 4 studies including 1,494 cases and 1,538 controls for microRNA-146a C N G rs2910164, and 4 studies involving 2,048 cases and 2,995 controls for microRNA-423 C N A rs6505162 were analyzed. The major finding of the present meta-analysis suggested that no significant association between microRNA-196a2/146a/423 polymorphisms and esophageal cancer susceptibility was observed in all genetic models.
Similar findings were observed in subgroup analyses, which were conducted according to ethnicities and sources of controls. For the microRNA-196a2 genotype, no significant association was detected in any genetic model involving an Asian population, but an exception was found for the TT/CC genetic model involving a Caucasian population (ORs = 1.75, 95% CIs:1.20-2.56). Only one study included a Caucasian population. Therefore, because of limited samples, interpreting the results should be done cautiously. When this study was omitted, the summary OR indicated that no association was present in all genetic models in the remaining studies. Among studies on , three studies demonstrated that Hsa-microRNA-196a2 was associated with increased esophageal cancer risk (Qu et al., 2014; Wang et al., 2010 Wang et al., , 2014 . However, our pooled estimates suggested that no significant association was found between Hsa-microRNA-196a2 and esophageal cancer susceptibility (Table 2) . We enlarged the sample size and strengthened the statistical power, which may have led to this result. However, this finding should be interpreted with caution because of the limited number of studies and the presence of significant heterogeneity. As for genotyping methods, similar results were yielded, but an exception was found for the PCR-RFLP and SNPlex assay methods. No association was found for microRNA-146a in all genetic models. Among these studies, three studies used healthy subjects as controls, whereas one study enrolled patients without cancer as the controls. When this study (Wei et al., 2013) was excluded, no significant association was observed in all genetic models. Stratified by genotyping methods, similar results were found. For studies on microRNA-423, similar results were obtained in all genetic models during subgroup analyses by considering either ethnicities or sources of control. Subgroup by genotyping methods, similar results were found. The three studies discussed the association between microRNA-26a-1 C N T rs7372209 and microRNA-499 T N C rs3746444 and esophageal cancer susceptibility, and the pooled estimates suggested that no significant association was detected (Qu et al., 2014; Wang et al., 2010 Wang et al., , 2014 . These studies, two of which were on microRNA-26a-1 and microRNA-499, did not conform to HWE expectations. However, in this meta-analysis, microRNA-26a-1 and microRNA-499 were not become our study objects, and the number of eligible studies was relatively small. Hence, results of this meta-analysis were not sufficiently strong to result in a decisive conclusion. In the meta-analysis, MAF are very different among different population (Table 1) . For the microRNAs196a2/146a genotype, the MAF value in the case and control group in Chinese population are very close to 0.5, while the MAF value in the case and control group in Indian population are very close to 0.5 for the microRNAs-423 genotype. It may be explained that the conflicting results with respect to microRNA-196a2 polymorphisms and esophageal cancer risk between Caucasian and Asian population. The allele flipping between Asian and non-Asian groups is observed. These seemingly contradictory results may be attributed to different ethnicities or carcinogenic mechanism, settings. A genuine allele flipping results from variations in allele frequencies and linkage disequilibrium (LD) that produce different patterns of risk association of a marker allele or haplotype across different ethnic groups. However, a variety of extraneous factors can create conditions for a genuine allele flip. Allelic heterogeneity, locus heterogeneity, environmental exposures, population differences are all examples of factors that can interact to vary the distribution of a measure of association between studies. Assuming no misclassification or selection biases, study design errors or genotyping errors, we have shown that the probability of observing a significant allele flip when the allele flipping is not genuine is negligible. In the meta-analysis, no clear explanation of allele flipping among the three microRNAs between different ethnic groups has emerged.
Our meta-analysis has several strengths. First, this is the first meta-analysis to investigate the association between and esophageal cancer susceptibility and microRNA-196a2, microRNA-146a, and microRNA-423. Second, no publication bias was observed by either Begg's funnel plot or Egger's regression test. Third, all included studies used high quality methods according to the methodological quality assessment. Thus, our results are reliable.
This meta-analysis has several limitations. First, this meta-analysis was based on case-control studies. Although a case-control study is the most appropriate design for exposure causing rare event, this design has inherent limitations, such as selective bias and recall or memory bias. Additionally, some confounding factors (e.g., race, sex, and lifestyle) are difficult to control in case-control studies. Second, substantial heterogeneity is a potential problem in the interpretation of the results of our analysis. This heterogeneity was expected considering the differences in the characteristics of the study designs, population sources, and genotyping methods among the included studies. After observing substantial heterogeneity, we performed subgroup analyses and obtained similar findings with low-moderate heterogeneity. It shows that ethnicity and source of control, genotyping methods may contribute to the origin of heterogeneity. Furthermore, sensitivity analyses were conducted, and similar results were obtained. Third, individual participant data were not available. More precisely adjusted ORs for other covariates, such as age, ethnicity, year, and lifestyle, were not obtained. Fourth, the number of eligible studies for microRNA-146a and microRNA-423 was small, thereby limiting the statistical power. Finally, the number of included studies for Caucasian and African populations limited further analysis because of the shortage of original studies.
The following points should be taken into account in future studies. First, large-scale studies focusing on microRNA-146a, microRNA-423, microRNA-26a-1, microRNA-499, microRNA-124-1, microRNA-34b/c, microRNA-26a-1, microRNA-27a, and microRNA-218 should be included. Second, more studies should aim to investigate the association between microRNA and esophageal cancer susceptibility among the Caucasian, African, and Asian populations or other ethnicities.
In conclusion, the current available evidence suggested that the microRNA-196a2, microRNA-146a, and microRNA-423 are unlikely to have any important effects on the risk of esophageal cancer, except on Caucasian subjects. However, the results should be interpreted cautiously because of the presence of heterogeneity among studies. Studies involving large-scale, well-designed trials and different ethnic groups are required in future analyses.
